The present paper presents the results of long-term observations of differences in growth and morphology of colonies of C. fraxinea isolated from ash stems with symptoms of dieback and the results of studies on effects of temperature on growth and morphology of colonies in vitro. Thirty randomly chosen C. fraxinea cultures, originating from six Forest Districts in southern and northern Poland, viz. Andrychów, Gryfice, Kańczuga, Lębork, Miechów and Mircze, were included in the temperature assay. Colony growth and morphology were evaluated in vitro, on malt extract agar. Two replicates of each isolate were incubated at 5, 10, 15, 20, 25 and 30 o C in darkness. Colonies of C. fraxinea isolated from necrotic stem tissues of diseased ash trees differed greatly in colour, structure, growth rate, presence of sectors and stromata as well as the intensity of conidial sporulation. Colony characters were often lost in further sub-cultures grown on the same medium. Colonies of C. fraxinea grew at 5-25 o C in vitro. Three isolates still grew, though slowly, at 30 o C. The optimum temperature for growth was 20 o C. Among 30 isolates tested, five grew most quickly at 25 o C and four at 15 o C. Differences among colony diameters recorded at 5, 10, 15, 20 and 30 o C were statistically significant, while differences at 15 and 25 o C were not. At some temperatures, statistically significant differences in growth rate were related to the origin of the isolates. There were three main colony colour types. Temperature was the main factor affecting colony morphology in vitro. The formation of sectors was observed in 36% of colonies, pseudoparenchymatous stromata in 10.4% of colonies, and white crystalline substances in 53.3% of colonies. The results of in vitro observations were used for discussion of the effects of temperature on growth and activity of C. fraxinea in vivo.
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iNTroDUcTioN
The studies on the spectrum of fungi involved in dieback of common ash (Fraxinus excelsior L.) in Poland resulted in identification and description of the novel fungus Chalara fraxinea T. Kowalski (K o wa l s k i , 2006). This fungus was reported from all the forest districts which had been surveyed for the presence of ash trees with dieback symptoms (K o w a ls k i , 2009). The fungus was also found on ash trees with symptoms of dieback in Sweden, Lithuania, Latvia, Denmark, Finland, Germany, Czech Republic, Slovakia, Austria, Hungary, Romania, Slovenia, Switzerland, France, Estonia, and Norway (Z ú b r i k and K u n c a , 2007; H a l m s c h l a g e r and K i - This paper presents the results of long-term observations on differences in morphology and in vitro growth of C. fraxinea colonies isolated from ash stems with symptoms of dieback, and of studies on effects of temperature on colony morphology and growth.
MaTerials aND MeThoDs
Chalara fraxinea was isolated in 2000-2008 from local necrotic lesions and dead stems of ash (Fraxinus excelsior L.) trees sampled in different regions of Poland (Kowalski, 2009) . Pieces of stem were surface-sterilized by rinsing in 96% ethanol (1 min), 4% NaOCl (5 min) and 96% ethanol (30 sec). After drying in sterile blotting paper and removing surface bark, 5 x 2 x 2 mm fragments of tissue were cut off and placed in Petri dishes on the surface of 2% malt extract agar (MEA; 20 g l -1 malt extract Difco, Sparks, MD, USA, 15 g ´ l -1 agar Difco supplemented with 100 mg ´ l -1 streptomycin sulphate). Growing mycelium was transferred onto 2% MEA slopes and incubated at 20 o C in darkness. The growth and morphological characters of the initial colonies growing from the tissues in different conditions of incubation were observed meanwhile. Numerous sub-cultures of C. fraxinea originating from morphologically different colony sectors were made and observed. The outcomes of interactions between colonies of C. fraxinea and other fungi isolated at the same time were also recorded. Only the most distinctive morphological characters are described here and used to differentiate colonies of C. fraxinea.
Thirty randomly chosen cultures of C. fraxinea were included in the temperature assay. They were isolated from ash trees in four Forest Districts in southern Poland, viz. Andrychów (No. 1118 , 1122 , 1130 , 1133 , 1135 , Kańczuga (1001 Kańczuga ( , 1002 Kańczuga ( , 1004 Kańczuga ( , 1012 Kańczuga ( , 1030 , Miechów (625, 627, 628, 631, 1043) and Mircze (721, 725, 726, 732, 738) , and two Forest Districts in northern Poland, viz. Lębork (816, 818, 819, 823, 825) and Gryfice (1571 Gryfice ( , 1573 Gryfice ( , 1592 Gryfice ( , 1600 Gryfice ( , 1603 . Inocula used in the temperature assay were produced by growing in Petri dishes on 2% MEA for 4 weeks at 20 o C in darkness. Plugs (8 mm diam) taken from the edge of an actively growing colony were transferred onto 2% MEA in Petri dishes. The colonies were incubated for 5 weeks at 5, 10, 15, 20, 25 and 30 o C. Growth rate was evaluated on the basis of colony diameter (mm). Two replicates were used for each combination. An average diameter from two measurements in both replicates was estimated. Colony morphology was evaluated on the basis of colour, structure, growth rate, presence of sectors with discoloration, of patchy or linear pseudoparenchymatous stromata and of whitish crystalline agglomerations of secondary metabolites. Three main types of colony colour were distinguished: A -hyaline, evenly white or white with grey patches, or sectors; B -white-orange or white with numerous ferruginous brown patches; C -ferruginous brown. The results for the effects of temperature on growth of C. fraxinea were analysed statistically using Duncan's test at significance level α = 0.05.
resUlTs

Chalara fraxinea isolated from stems of ash with symptoms of dieback
Chalara fraxinea isolated from necrotic tissues of ash trees stems with symptoms of dieback formed colonies which differed greatly in colour, growth rate and interactions with the colonies of other fungi. Some isolates produced hyaline colonies with thin aerial mycelium, evenly white or white with grey patches or sectors (type A, Fig. 3 ). The most commonly occurring isolates produced colonies that were cottony, white to orange or white with ferruginous brown patches scattered irregularly on the surface or concentrated around the inoculum (type B, Fig. 1 ). Other isolates produced ferruginous brown colonies (type C, Fig. 2 ). Black, oval or irregular pseudoparenchymatous stromata were produced around the inoculum or on the surface of the older, type A colonies (Fig. 3 ). They were formed less often in the ferruginous coloured colonies (Fig. 4) .
One of the most distinctive characters of C. fraxinea colonies was a tendency to form sectors that differed in colour, structure of aerial mycelium and growth rate (as shown on Figs 15-17). The characters of the sectors were often lost in sub-cultures grown in new Petri dishes, on MEA, from mycelium transferred from the sectors of the initial colonies.
There was much variation in frequency and density of conidial sporulation among different isolates. Sometimes sporulation occurred only on or around the inoculum (Figs 7, 8) . The formation of numerous phialides and phialoconidia was associated with olive grey or dark grey discoloration of the colonies in the sporulation zone. Discoloration was very distinctive in both white (Figs 7, 8) and ferruginous brown colonies (Fig. 9 ).
Conidial sporulation of C. fraxinea was favoured by lower temperatures (5-15 o C). The white ferruginous or ferruginous brown, non-sporulating colonies, when incubated at a higher temperature (20 o C), started to sporulate abundantly after transfer and further incubation at 5 o C. Sporulation appeared along the Petri dish edges in the olive grey discoloured zone (Fig. 10) .
The growth rate of C. fraxinea colonies was relatively low. During the isolation procedure, C. fraxinea colonies were sometimes overgrown by fast growing colonies of other fungi from ash stems. However, the formation of 3-12 mm wide inhibition zones around larger or smaller colonies of C. fraxinea was observed more often (Fig. 5) . The inhibition zone protected the C. fraxinea colony from being overgrown by the fast growing colonies of the species of Alternaria, Epicoccum, Phomopsis or Diplodia, which were also growing from the ash stems with symptoms of dieback. Agglomerations of white crystalline substances produced during incubation were observed in some C. fraxinea colonies (Fig. 6) . (Fig. 11) . At some temperatures, statistically significant differences in growth rate were related to the origin of the isolates (Tab. 1). Figs 12-14) .
Sectors were formed in 36% of colonies, most often at 15 o C (11.0%) and most rarely at 5 o C (4.0%) ( Table 2 ). In one colony, the sectors differed greatly in colour, structure and growth rate. In the same colony sectors could be ferruginous brown and olive grey (Fig. 15) , as well as white with ferruginous brown patches and continuously brown (Fig. 16) , or white and dark brown in the ferruginous brown colonies (Fig.  17) . Black stromata were formed in 10.4% of colonies, most often at 5 and 10 o C (Table 2 , Fig. 12 ). Among 30 isolates tested, 16 produced a whitish crystalline substance located along the entire colony edge, after incubation for 10 weeks at 15 and 20 o C, and in two cases at 25 o C. Five isolates produced this substance very abundantly. 
DiscUssioN
The colonies of C. fraxinea growing in vitro showed considerable variation, particularly in colour, structure, formation of sectors and pseudoparenchymatous stromata. Temperature is one of the main factors that affected colony morphology. The formation of hyaline or white colonies and production of stromata were favoured by lower temperatures, while the formation of more compact, ferruginous brown colonies was favoured by higher temperatures. Colony colour also resulted from the intensity of conidial sporulation, which was favoured by lower temperatures. The colonies became olive grey in the sporulation zones, consistent with observations of K i r i s i t s et al. (2008) . Information on morphological variation of C. fraxinea colonies can be very useful for quick identification of the pathogen in culture. The formation of sectors in a colony may suggest the presence of more than one fungal species. However, the morphological similarity of sub-cultures growing from inocula taken from particular sectors supports their grouping in a single taxon. Cardinal temperatures, i.e. minimum, optimum, and maximum, are used to classify fungi as psychrophiles (cold-loving), mesophiles and thermophiles (G r i f f i n , 1981). Chalara fraxinea isolated from necrotic ash-stem tissues should be classified as a mesophile, which generally grows best in moderate temperatures (minimum > 0 Zróżnicowanie morfologiczne kolonii Chalara fraxinea wyizolowanych z jesionów (Fraxinus excelsior L.) z objawami zamierania oraz wpływ temperatury na ich wzrost i strukturę S t r e s z c z e n i e Przedstawiono wyniki wieloletnich obserwacji nad zróżnicowaniem morfologicznym i rozwojem kolonii C. fraxinea bezpośrednio izolowanych z pędów jesionu oraz wyniki badań nad wpływem temperatury na wzrost i zróżnicowanie kolonii in vitro. W teście temperaturowym użyto 30 losowo wybranych kultur C. fraxinea pochodzących z sześciu nadleśnictw z południowej i północnej Polski: Andrychów, Gryfice, Kańczuga, Lębork, Miechów i Mircze. Wzrost grzybni określano na pożywce agarowo-maltozowej. Dwa powtórzenia każdego izolatu były inkubowane w ciemności w temperaturach: 5, 10, 15, 20, 25 and 30 o C. Dodatkowo odnotowywano inne cechy związa-ne z morfologią i rozwojem kolonii in vitro.
Kolonie C. fraxinea wyrastające z nekrotycznych tkanek na pędach jesionu cechowała duża zmienność w zakresie barwy, tempa wzrostu, wykształcania sektorów, tworzenia stromata oraz zarodnikowania. Cechy kolonii stosunkowo często nie były odtwarzane w subkulturach hodowanych na tej samej pożywce. Wyróżniono trzy zasadniczo różniące się typy barwne kolonii, których częstość występowania zależała w znacznym stopniu od temperatury hodowli in vitro. Tworzenie sektorów zostało zaobserwowane u 36% kolonii, wykształcanie pseudoparenchymatycznych stromata u 10.4%, a obecność krystalicznej substancji u 53.3% kolonii. W dyskusji podjęto próbę odniesienia się do warunków rozwoju sprawcy zamierania jesionu in vivo w świetle uzyskanych wyników in vitro.
